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B HacxoamcM o63ope paccMOxpen Bonpoc o rocxanbHoii cneuH^HHHocxH MHKpocno- 
pH^HH — oOjiHxaxHbix BHyxpHKJicxoMHbix napasHxoB 5KHBoxHbix (Aiiimalia), a xaK5Ke hc- 
Koxopbix /^pyxHx ayKapHox (Ciliophora, Gregarinia). PaHce CHHxajiocb, hxo /^Jla bccx bh- 
^OB MHKpocnopH/^HH xapaKxcpHa y3Kaa rocxajibHaa cneuH^HHHocxb, h MURpocnopH^HH 
n03BOHOHHbIX H 6eCn03B0H0HHbIX X03aeB OXHOCHJIH K pa3HbIM XaKCOHaM panra CCMCHCXBa 
H Bbime. Ha py6e^e XX—XXI bb. noaBHJiHCb nepBbie CBH^^exejibcxBa xoro, hxo MUKpo- 
c^opH7^HH, napasHXHpyiomHe y KpoBOCOcymux KOMapoB, 3apa»caiox MjieKonuxaiomHx h 
H eJiCBCKa; h, naoGopox, — MHKpocnopH/^HH h 3 xenjiOKpOBHbix noKaaana cnocoOHOCxb 
pa3BHBaxbCH B KpoBococymHx HjiCHHcxoHorHx. Hc/^aBHHC pa6oxbi noKasajiH, HXO ojxhh h 
xox BHA MHKpocnopH/^HH MO>Kex 3apa^axb pbi6 h paKoo6pa3Hbix hjih HejioBCKa h np^- 
MOKpbiJibix HaccKOMbix. B Hacxo^uiiee Bpeivta H3BecxHa xojilko 1 MOHO^HJiexHHCCKaa rpyn- 
na y3KocneuH^HHHbix MHKpocnopHOTH, oTHoc^mnxca k ccm. Amblyosporidiae, Kpyr xo- 
3HeB KOxopoH orpaHHHCH AByMa rpynnaMH HJieHHCxoHorax: Culicidae (Insecta: Diptera) h 
C yclopidae (Crustacea: Copepoda). Bo Bcex ocxanbHbix KpynHbix ^HJiorcHcxHHecKHX jth- 
HHHX MO^HO HaiixH MHKpocnopH/^HH H3 pa3Hbix xoBHCB, BKJiiOHaH HejiOBCKa. HauGojice 
pa3HOo6pa3eH Kpyr xo3aeB y npe/tcxaBHxejieH po/^OB Anncaliia h Tubulinosema m com. 
Tubulinosematidae. npHHaOTe>KHocxb MHKpocnopH^^HH uaceKOMbix k onpejteneHHbiM ^h- 
jiorenexHHecKHM rpynnupoBKaM Mo^ex cjiy^cuxb npeztuKxopoM hx noxeHuuajibHOH cno- 
co6hocxh 3apa»caxb nenoBCKa, hxo hcoGxoahmo yHHXbmaxb KaK npu ouchkc nepcneKXHB 
Hcnojib30BaHHH 3XHX napa3HX0B B peryjiaquH hhcjichhocxh Bpe/tHbix HJieHHcxoHorux, xaK 
H B03M0»CHbIX nOCJIC/^CXBHH 3nH300XHH MHKp0Cn0pHZtH030B B npupO^C. MuRpOCnopU^^HH 
6ecno3BOHOHHbix H no3BOHOHHbix xo3aeB He /^oji^Hbi paccMaxpHBaxbCH pa3/tejibH0 b Me- 
^^HUHHCKOH, BexepHHapHOH H CeJIbCK0X03HHCXBeHH0H HpaKXHKe. 

Kntoueebie cjioea: MHKpocnopH^^HH, napa3HXH3M, rocxajibnaa cneuH^HHHOCXb, MOJie- 
KyjiHpHaa ^HJioreHHa. 
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MHKpocnopHflHH — rpynna naxorenoB, aJiHxeJibHbiH nyxb ajiamamm ko- 
xopbix K BHyxpHKJiexoHHOMy napa3HXH3My npHBCJi k (^opMHpoBanHK) paaa 
yHHKajibHbix npH3HaKOB, onpeaejiHiomHX ocoGchhocxh hx B3aHM00XH0ineHHH 
c KJiexKOH xo3aHHa (Hcch, BopoHHH, 2007; Cuomo et al., 2012; Haag et al., 
2014; Senderskiy et al., 2014). Ho^aBjiaiomee OojibmHHCXBO bh;i,ob MUKpocno- 
pHflHH onucaHO y xchboxhmx (Animalia); 3xh napaauxbi HafiACHbi y npe;icxaBH- 
xejieii noHXH Bcex xaxcoHOB paura xuna, HauGojice MHoroHHCJienHbi ohh y ujie- 
HHCXOHOXHX H pbi6 (Wlttncr, 1999). /],pyrHe xoaacBa MHKpocnopH/iHH oxhochx- 
ca K oflHOKJiexoHHbiM oyKapHoxaM: HH(^y3opHHM (Ciliophora) (Fokin et al., 
2008) H rperapHHaw (Gregarinia) (Sokolova et al., 2013). MnKpocnopHAHHM 
CBOHCXBeHHbi BbicoKHH ypoBeHb KOMnaKXH3auHH renowa h KJiexKH, CBaaanHbiH 
c B03Jioa(eHHeM OoabmHHCXBa (^ynKimfi na aapaacennyK) KJiexxy, CBoeoOpaa- 
Hbie MexaHH3Mbi xohkoh peryjiHUHH Mexa6oJiH3Ma xoaaHna, a xaxace ynHKajib- 
HbiH MexaHH 3 M npoHHKHOBeHHH B KJiexKy xo3HHHa (Vavra, Lukes, 2013). Hnxe- 
pec HccjieaoBaxejiefi k MHKpocnopHAHHM npoaojiacaex pacxn, hxo CBnaano c 
pa3HOo6pa3HbiMH acneKxaMH nx xeopexHHecKoro n npaKXHnecKoro anaHeHna. 
SnaHHxejibHaa aojia nccjieaoBaHHH c(^OKycHpoBaHa na MHKpocnopn/iHax, HMe- 
lomHX MeaHUHHCKoe H BexepnnapHoe aHanenHe (15 bh/iob). Hapaay c Kpnn- 
xocnopn/iHaMH h BHpycaMH poaa Cytomegalovirus 3xh napaanxbi npeacxaBJia- 
K)x co6oh caMbix pacnpocxpaneHHbix BoaOyAHxeJien anapeH y BHH-hh(^huh- 
poBaHHbix OojibHbix (THMO(^eeB, 2015). MHoroHHCJienHbie HCCJieaoBaHna 
nocBamenbi BonpocaM pacnpocxpaHenHOCXH, naxojioxHHecKHX cbohcxb, nyxefi 
nepe^auH n MexannaMOB unpKyjiauHH b npnpoae MHKpocnopnaHH nenoBexa 
H MaeKonnxaiomHX, paapaOoxxe MexoaoB aHarnocxHKH, npo(|HaaKXHKH h ae- 
HeHHa (Franzen, Muller, 1998; Anane, Attouchi, 2010; Santin, Fayer, 2011; 
Didier, Khan, 2014; Ghosh et al., 2014). Bee Ooabmee BHUManne npHBaeKaiox 
K ce6e napaanxbi npowbicaoBbix paKOo6pa3Hbix (Stentiford et al., 2013) h xyab- 
XHBHpyeMbix naceKOMbix: xyxoBoro meaxonpa^a Bombyx mori (Nath, 2012) h 
MeaoHOCHbix nuea poaa Apis (Fries, 2010). /(pyraa rpynna MHKpocnopHAHH, 
xpa/muHOKHO BbnbmaiomHX anaHHxeabHbiH nnxepec co cxoponbi HccaeaoBa- 
xeaeii, — napaanxbi KpoBOCOcymnx HaenHcxonorax, b hbcxhocxh KOMapoB 
(Diptera: Culicidae), nepenocHHKOB onacHbix aaOoaeBaHHii neaoBeKa n xchbox- 
Hbix (Becnel, Andreadis, 1999; Andreadis, 2007; Simakova et al., 2008; CnMa- 
KOBa, 2014). Kpowe xoro, npoBO^axca HCcacAOBanHa b oxHomennH ueaoro 
paaa MoaeabHbix napasHxo-xosanHHbix chcxcm c npuMeneHneM renoMHoro, 
xpaHCKpnnxoMHoro h npoxeoMHoro anaansa (Biron et al., 2005; Wang et al., 
2007; Wu et al., 2008; Corradi et al., 2009; Cuomo et al., 2012; Bakowski et al., 
2014; Sanders, Kent, 2014). 

/(anxeabHoe BpcMa CHHxaaocb, hxo aaa Bcex bh/iob MHKpocnopnaHH xapax- 
xepna yaxaa rocxaabnaa cneuH(^HHHOCXb. Ha ocHOBannH 3xoro npe/inoaoace- 
HHa BHflOBaa npHna^aeacnooxb xosanna ncnoabsoBaaacb b npomaoM bckc kbk 
oflHH H3 Baa(Hbix xaKCOHOMHHCCKHx npH3HaKOB npH HAeHXH(^HKauHH napa3H- 
xoB H onncaHHH hobmx bh/iob (Weiser, 1961; Tanabe, Tamashiro, 1967). no3.zi- 
nee noaBnaacb HH(^opMauHH o xom, hxo o/ihh bh/i MHKpocnopHanH Moacex 3a- 
paacaxb xoaaea, oxHOcamHxca k paanbiM ceMencxBaM h oxpa^aM naccKOMbix. 
HanpHMcp, MHKpocnopHaHH Nosema cf pyrausta BbiHBaena ne xoabKO b cxe6- 
acBOM MOXbiabKC Ostrinia nubilalis (Lepidoptera: Crambidae), ho h b ero napa- 
3 Hxax — xaxHHax (Diptera: Tachinidae) h naea/iHHKax (Hymenoptera: Braconi- 
dae) (Andreadis, 1984). AnaaorHHHaa CHxyauHH aaperHCxpHpoBana oth Vairi- 
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morpha (Nosema) mesnili, nopa^aiomeH KanycTHyio 6eJiaHKy Pieris brassicae 
(Lepidoptera: Pieridae) h ee ^ByKpMJibix h nepenoHHaTOKpwjibix napasHTOB h 
ranepnapasHTOB (Hcch, 1986). K HacToameMy BpcMCHH sa^aoKyMCHTHpoBaHO 
SHaHHTCJibHoe HHCJio cJiyHacB sapaaceHHa o.iihhm bh.iiom MHKpocnopH.iiHH xosa- 
CB H3 pasHbix OTpa.iioB KJiacca Insecta (Becnel, Andreadis, 1999; Schuld et al., 
1999; Franzen et al., 2006; Issi et al., 2008). KpoMe Toro, ycTaHOBjiCHO, hto hc- 
KOTopbie MHKpocnopH^iHH KpoBOCOcyiitHX KOMapoB (po^w Amblyospora, Hya- 
linocysta, Trichoctosporea h Pamthelohania) hmciot cjioacHbie acHSHCHHbie 
UHKjibi, r^e npoMcacyroHHbiMH xosaeBaMH cjiyacax npeflCTaBHTejin apyrofi cnc- 
TCMaTHHecKOH rpyoobi HjiCHHCTOHorax — HHSuiHe paKoo6pa3Hbie — Koneno- 
.Ilbl, pa3BHBaK)mHeCa COBMCCTHO C JIHHHHKaMH KOMapOB. ripn 3TOM y3KOCneUH- 
4)HHHbie B OTHomcHHH ocHOBHbix xo3aeB-KOMapoB MHKpocnopH.aHH po.iia Amb¬ 
lyospora MoryT HcnoJib30BaTb b KanecTBe npoMcacyTOHHbix xo3aeB paajiHHHbie 
BH.ilbi Koneno^i (Vossbrinck et al., 2004). Ha ocHOBannH peayjibTaTOB MOJicxy- 
jiapHo-(J)HjioreHeTHHecKHX nccjiejtOBaHHH npe^nojiaraeTca, hto MHKpocnopH- 
flHH KpoBococymHX KOMapoB B03HHKJIH KaK o6oco6jieHHaa rpynna, 3bojik)u,ho- 
HHpoBaBuiaa ot napasHTOB hhbuihx paKoo6pa3Hbix, nocKOJibKy nocJie.ztHHe 
npcACxaBjiaiOT co6ofi He tojibko npoMeacyxoHHbix xo3aeB jijifi nepcHHCJieHHbix 
Bbime xaKCOHOB MHKpocnopn^iHH, ho h cjiyacax xo3aeBaMH napa3HXOB, 3aHHMa- 
loutHx cecxpHHCKoe HOHoaccHHC HO oxHomcHHio K npe.zicxaBHxejiaM com. Amb- 
lyosporidae (Vossbrinck, Debrunner-Vossbrinck, 2005; Andreadis, 2007; And¬ 
readis et al., 2012; CnMaKOBa, 2014). 

B naOopaxopHbix ycnoBHax xpyr nopaacacMbix MHKpocnopHziHaMH naccKO- 
Mbix Moacex 6bixb sHaHHxenbHO ninpe Ha6jiK).gaeMoro b npnpoflHbix ycjiOBHHX, 
B CBa3H C HCM pa3IIHHaK)X «(J)H3HOJIOrHHeCKyiO» H «3KOJIOrHHeCKyK)» rocxajib- 
Hyio cneuH(j)HHHOcxb (Solter et al., 1997) cooxBexcxBCHHO. HanpHMcp, b ycJio- 
BHHX 3KcnepHMeHxa MHKpocnopH^iHH HaceKOMbix 3apawajiH ;^aace napaaHxnpy- 
louTHX B 3XOM HaccKOMOM HCMaxofl, (BepcMHyK, Hcch, 1970). Tcm hc mchcc 
CBC^ztCHHa o nepexo.zte MHKpocnopnztHH ox o.zihoh rpynnbi xobhcb k .apyroir 
orpaHHHHBajiHCb Ha6jHO.geHHHMH b npeACJiax o.iiHoro xaKcona panra oxpajia, 
KJiacca HJiH xHHa, a MCxo^bi rcHoxHHHpOBaHHH He hmcjih niHpoKoro npHMene- 
HHa B OXHOmCHHH BHOBb BbiaBHCHHblX H KOJIJICKUHOHHblX H30aaXOB MHKpOCHO- 
PH.HHH, B CBa3H C HCM MHKpOCHOpHJIHH HOBBOHOHHblX H 6eCn03B0H0HHbIX X03a- 
CB npoAOJiacajiH pacccMaxpHBaxb ox.iieabHo h oxhochxb k pasHbiM xaKConaM 
panra ceivieHCXBa h Bbime (Hcch, 1986; Sprague et al., 1992). KpoMe xoro, jinii- 
xeabHoe BpeMa CHHxaaocb, hxo MHKpocnopH.iiHH 6ecn03B0H0HHbix ne Moryx 
pasBHBaxbca b xenaoKpoBHbix acHBOxHbix h HcaoBCKe npH xcMnepaxypax, npe- 
BbimaiomHx 30—32 °C, xoxa aaHHbie o xom, hxo xaKHe xeMnepaxypbi aeftcx- 
BHxeabHO xopMoaax paaBHXHC MHKpocnopH.iiHH naccKOMbix, 6biaH nonyHCHbi 
B oxHomcHHH xojibKo HCMHoxHx MHKpocHopHjiHH (Wciscr, 1961; Hcch, Hcp- 
BHHCKaa, 1968; FpoGoB h ap., 1983). 

Ha py6eace XX — ^XXI bb. noaBHaHCb nepBbie CBH.iiexeabcxBa xoro, hxo 
MHKpocnopH.ilHH, HapaaHXHpyiomHe y HaeHHCxoHoxHx, Moryx xaKace aapaacaxb 
no3BOHOHHbix; H HaoOopox, .iiaa MHKpocnopn^iHH xenaoKpOBHbix xo3aeB noKa- 
3aHa cnoco6Hocxb pasBHBaxbca b KpoBococymHX HJieHHCxoHornx. Tax, MHKpo- 
cnopH.ilHa H3 KHmcHHHKa MaaapHHHoro KOMapa, panee H3BecxHaa KaK Nosema 
algerae (Vavra, Undeen, 1970), JierKo sapaacaiomaa naccKOMbix flpyxHx oxpa- 
.ilOB, OKasaaacb H.iieHXHHHOH napasHxy HeaoBCKa c bmcokoh cxenenbio po.itcxBa 
c naxorcHHbiMH .ima HcaoBCKa npe.iicxaBHxeaaMH po^a Brachiola, na ocHOBa- 
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HHH Hero BH^ GbiJi nepeBeacH b otot poa, noJiyHHB nasBaHHC Brachiola algerae 
(Visvesvara et al., 1999; Koudela et al., 2001). Bojiee noa^nee HCCJieaoBaHHe 

TOHKOrO CTpOeHHH KHCTOK H ypOBHCH CXO^CTBa TCHOB pHOoCOMajlBHOH PHK 
(pPHK) noKasajio, hto otot poa H^eHTHHen poay Anncaliia c ranoBbiM bh/iom 
Anncaliia meligethi h 3 pancoBoro UBCToe/ia Meligethes aeneus (Coleoptera: 
Nitidulidae). IlocKOiibKy poa Anncaliia onHcan panbuie (Hcch h aP-, 1983), 
B Hero nepeHeceHbi Bce bhaw poAa Brachiola (Franzen et al., 2006). B pesyjib- 
Tare otot poA npeACTaBJieH BHAaMH, napasHrapyiomHMH: a) b HCHOBCKe 
{Anncaliia vesicularum, Anncaliia connori), 6) b MaAapHHHWx KOMapax (An¬ 
ncaliia gambiae), b) b KpoBococymHX KOMapax poAOB Aedes, Anopheles, Armi- 
geres, Culex, Wyeomyia h b HejiOBeKe (Anncaliia algerae), r) b ^ecTKOKpbiJibix 
HaccKOMbix (Anncaliia varivestis, A. meligethi). KpoMe Toro, ajib A. algerae 
OKcnepHMeHTaiibHO noATBep^ACHa chocoOhoctb sapa^axb pa3Hoo6pa3Hbix 
xo3aeB: Coleoptera, Diptera, Hemiptera, Lepidoptera (npH ajiHMeHxapHOM 
HH(|)HAHpoBaHHH), a TaK^ce Decapoda, Megaloptera, Odonata, Orthoptera, Ro- 
denita (npn HH'beuHpoBaHHH cnop napa3HTa b hohoctb xena) (CHMaKOBa, 
2014). 

ChocoOhocxb 3apaacaxb jihhhhok KpoBococymnx KOMapoB h nepeAaBaxbca 
XpaHC(^a3HO B3pOCJIbIM OCo6hM, COXpaHHH npH 3XOM HH4)eKUHOHHOCXb no OXHO- 
uieHHK) K xenjiOKpoBHbiM xo3aeBaM b OKcnepnMeHxajibHbix ycjioBHHX, noKaaa- 
Ha ajib MHKpocnopHAHH TracMpleistophora hominis — xHHHHHoro naxorena 
HOAOBexa (Weidner et al., 1999). KpoMe xoro, AJia MHKpocnopHAHH, BbiflBAen- 
Hbix B KAexKax onHXCAHH KHUieHHHKa H CAiOHHbix *6^03 KAeuj,eH Amblyomma 
cajennense h Anocentor nitens (Acarina: Ixodidae), nnxaBuiHxcH na KpoAHKax, 
noKa3aHO cxoacxbo xohkoh Mop(J)OAorHH Bcex cxaAHii MCH3HeHHoro HHKna c 
MHKpocnopHAHAMH pOAB Encephalitozoon, ninpoKo pacnpocxpanennbiMH na- 
pa3HxaMH no3BOHOHHbix, BKJHOHaa HenoBexa (Ribeiro, Guimaraes, 1998). Cno- 
coGnocxb MHKpocnopHAHH nepexoAHXb c 3xxonapa3HXHHecxHX HneHHCxonorHX 
na no3BOHOHHbix-npoxopMHxeAeH BbiaBnena y Paranucleospora theridion, 
napa3HXHpyiomeH y MopcxoH bhih Lepeophtheirus salmonis (Maxillopoda, 
Caligidae) h axAanxHHecxoro nococa Salmo salar (Actynopterigii, Salmo- 
nidae). IlpHBOAHMbie Aannue CBHAexeabcxByrox o xom, hxo b xoac sboaioahh 
y MHKpocnopHAHH B03HHKaiOX MOAH(J)HKaHHH aCH3HeHHOrO HHKAa, nanpaB- 
aennbie na aAanxannio k cmchc no3BOHOHHoro h 6ecno3BOHOHHoro xo3aeB 
(Nylund et al., 2010). TaxHM o6pa30M, Moacno 3 aKAiOHHXb, hxo nocxoannbie 
Konxaxxbi McacAy 3Kxonapa3HXHHecKHMH HaenHCxonorHMH h no3BOHOHHbiMH 
acHBOXHbiMH-npoKopMHxeaaMH cnoco6cxByK)x nepeAane MHKpocnopHAHH b 
o6ohx nanpaBAennax. 

OAHaKO 3BOAIOHHOHHbie H SKOAOXHHeCKHe CBa3H MHKpocnopHAHH n03BO- 
noHHbix H 6ecno3BOHOHHbix xo3aeB H3BecxHbi ne xoabko y naxorenoB 3KXona- 
pa3HXHHecKHX HAeHHCxoHOXHX. Tax, na ocnoBannH Mop(|)OAorHHecKoro, yAbx- 
pacxpyxxypnoro h MOAeKyAapno-OHOAornnecKoro aHaAH30B onncan hobmh 
BHA Encephalitozoon romaleae h3 Romalea microptera (Insecta: Orthoptera) 
(Lange et al., 2010), xoxa panee cpeAH npeACxaBHxeAeh poAa Encephalitozoon 
6biAH H3BecxHbi xoAbKO napa3HXbi MAexonHxaiomHX, nxnn h penxHAHH (Mathis 
et al., 2005). HaxonAennbix k nacxoameMy BpeMenn Aannbix neAOCxaxonno, 
HXoObI CACAaXb OKOHHaxeAbHblH BbIBOA o XOM, B KBKOM HanpaBAeHHH UieA npo- 
necc (|)opMHpoBaHHa rocxaAbnoH cnenH(|)HHHOcxH b npeACAax Aannoro xaxco- 
na (ox HACHHCXOHOrHX K n03BOHOHHbIM HAH HaoOopOX), OAHaKO CXanOBHXCa 
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oneBHflHbiM, HTO 6jiH3KopoacTBeHHbie BH^bi MHKpocnopHaHH MOiyT napasHTH- 
poBaTb B npeacTaBHTeaax pasHbix thoob Animalia. 

CpaBHCHHe MOJieKyjiapHbix ranaoranoB renoB pPHK h nepBoft cySbCAH- 
HHUbi PHK-noaHMepa3bi MHKpocnopHaHH Pleistophora (Thelohania) mulleri 
H3 Gammarus duebeni (Amphipoda: Gammaridae) h Pleistophora typicalis h3 
Myoxocephalus scorpius (Scorpaeniformes: Cottidae) no3BoaHao caeaaxb 

BbIBOa, HTO 3TH Ha3BaHHa - CHHOHHMbI OAHOrO BHja MHKpOCnopHaHH, HTO 

pacuiHpaeT xpyr ero xoaacB h aonycKacT B03M0a(H0CTb poaH paKOo6pa3Hbix 
KaK npoMeacyTOHHbix HaH peaepayapHbix xoaacB aaa napa 3 HTOB pbi6 (Ironside 
et al., 2008). 

Taxace HeoOxoaHMO ynoManyTb ana caynaa aapaacenna neaoBeKa MHKpo- 
cnopHaHeii Tubulinosema acridophagus y nauHCHTOB c anarHoaoM opnoOpe- 
TCHHoro HMMyHoae4)HUHTa (Choudhary et al., 2011; Meissner et al., 2012). 
flaHHbiii BHa napasHTa ncxoano onncan h 3 aMepHKaHCKoii capanan Schistocer- 
ca americana (Insecta: Orthoptera); aaa Hero Taxace noKaaana cnocoOnocTb 
sapaacaTb aemyeKpbiabix (Henry, 1967; Franzen et al., 2005). Poa Tubulinosema 
BKaioaaeT BHabi, oOaaaaiomHe cpaBHHxeabHO bmcokhm ypoBHeM cxoacxBa 
reHOB pPHK (ox 98.5 ao 99.7 %), Koxopbie napaanxHpyiox b HaceKOMwx pa3- 
Hbix oxpaaoB — npaMOKpbiabix {T. acridophagus, Tubulinosema marrocanus), 
acecxKOKpbiabix (7. hippodamiae), aByKpbiabix {Tubulinosema ratisbonensis, 
Tubulinosema kingi) h aemyeKpbiabix {Tubulinosema loxostegi) (Franzen et al., 
2005, 2006; Issi et al., 2008; Bjomson et al., 2011; Malysh et al., 2013). 

HaKoneu, b 2015 r. onncan cjiyaaii rjiaxHoii HH(J)eKUiHH aenoBeKa, BbisBan- 
Hoii MHKpocnopHaHeii Endoreticulatus sp. b peayjibxaxe KpaxKOBpeMeHHoro 
KOHxaKxa c HeHaeHXH(J)HHHpoBaHHbiM HaceKOMbiM (Pariyakanok et al., 2015). 
/(aHHbiii poa MHKpocnopHaHH BKJiioaaex napaxHXOB npflMOKpbuibix, aeuiye- 
Kpbijibix H acecxKOKpbijibix HaceKOMbix (Pilarska et al., 2015), a OjinacaHiuHe 
(J)HjioreHexHaecKHe jihhhh npeacxaBJienbi: a) HeHaeHXH(J)HHHpoBaHHbiM BHaoM 
Microsporidium sp. CU, B036yaHxejieM MH03Hxa y aaopoBoro MyacaHHbi b Tan- 
jianae (Suankratay et al., 2012) h 6) MHKpocnopHaHeii Vittaforma corneae, 
Koxopaa H3BecxHa Kax B036yaHxejib xepaxOKOHbioHKxHBHxa aeaoaeKa (Silvei- 
ra. Canning, 1995). 

PaasHbie HH(J)eKaHH aaperHcxpnpoBaHbi aJia mhofhx BHaoB MHKpocnopH¬ 
aHH, napasHXHpyiomHx y acaoBexa, b xom ancjie h 6e3 Bbipa)KeHHoro HMMyno- 
ae4)HHHxa (THMO(|)eeB, 2015). Oo-BHaHMOMy, aannaa (J)opMa 3apa)KeHHa no- 
BBOJiaex MHxpocnopnaHaM oxaacxH nsGeraxb aamnxHoro HMMynnoro oxBexa 
CO cxopoHbi xo3aHHa. He HCKjiioaeHO, axo rjiaanaa HH(J)eKHHa Moacex cjiy)KHXb 
nepBbiM 3xanoM b npouecce ocBoenna nosBOHoanbix xoaaeB MHxpocnopHaHa- 
MH, B XOM ancjie Hcxoano pasBHBaiomHMHca b 6ecno3BOHoaHbix xoaaeBax, b 
aacxHocxH, oOnxaxejiaMH BoaoeMOB, rae cnopbi napaanxoB nonaaaiox b Boay. 
BaacHO oxMexHXb, axo nonaaanne cnop MHKpocnopnaHH b rjiaaa nosBOHoanbix 
xo3aeB Moacex npHBoanxb k pasBHXHio HHC^exunn ne xojibxo b 3xom, ho h b 
apyrnx opranax. HanpHMep, saxanbiBaHHe b rjiaaa cycnensHH cnop A. algerae 
jiHuieHHbiM XHMyca MbiuiaM aepea 2 Mec. axcnepHMenxa BbisBaao xaa^ejioe 3a- 
OojieBaHHe c paaBHxneM HH(J)eKnHH b neaenn (Koudela et al., 2001). 

TaxHM o6pa30M, cxanoBHXca oaeananbiM, axo b CBexe coBpeMennbix npea- 
cxaBaeHHH o rocxaabHoii cnenH(J)HaHocxH MHKpocnopnaHii nonaxHa «napa- 
3HXbi no3BOHoaHbix xo3aeB» H «napa3HXbi 6ecno3BOHoaHbix xo3aeB» npn- 
MeHHxejibHO K 3XOH rpynne npoxHCxoB ycxapejiH h ne aojiacHbi paccMaxpn- 
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Bhabi MHKpocnopHAHH, 3apa:acaK)mHe no3BOHOHHbix h 6ecno3BOHOHHbix xo35ieB 


Species of microsporidia, infecting both vertebrate and invertebrate hosts 


Bha 

OHjiorpynna^ 

BoCnpHHMHHBbie 

CcbiJiKa 

MHKpOCnOpHJ^HH 

2005 

2014 

xosaesa 

Pleistophora (Theloha- 

III 

5 

6 oKonjiaBi>i 

Ironside et al., 2008 

nia) mulleri (= Pleis¬ 
tophora typicalis) 





Trachipleistophora ho- 
minis 

III 

5 

^enoBCK; KpoBococymne 
KOMapLI 

Weidner et al., 1999 

Endoreticulatus sp. 

IV 

4 

HejioBeK; naceKOMBie 

Pariyakanok et al., 2015 

Paranucleospora theri- 

IV 

4 

Pbi 6 bi; MopcKHe buih 

Nylund et al., 2010 

dion 





Anncaliia algerae 

V 

3 

HeJioBeK, MJieKonHxa- 
lomne; KpoBococymne 
KOMapLi H j^pyrne Hjie- 

HHCTOHOrHe 

Visvesvara et al., 1999; 
Franzen et al., 2006 

Tubulinosema acrid- 
ophagus 

V 

3 

HeJiOBeK; capaHHOBBie 

Choudhary et al., 2011; 
Meissner et al., 2012 


IlpHMeHaHHe. ' — yKasaHw ocHOBHbie (j)HaoreHeTHHecKHe jihhuh (Knaabi) MHKpocnopnflHH, co- 
rjiacHO fleneHHK) 2005 (Vossbrinck, Debrunner-Vossbrinck, 2005) h 2014 rr. (Vossbrinck et al., 2014). 


BaXbCH paSfleUbHO B MeflHUHHCKOH, BexepHHapHOH H CeUbCKOXOaHHCXBCHHOH 
npaKXHKC. 

Ecjih paccMoxpexb Bce nepcHHCneHHbie cuynaH aapaaccHHa oahhmh h xcmh 
ace MHKpocnopHflHHMH no3BOHOHHbix H 6ecno3BOHOHHbix xo3aeB B ^iHnorene- 
XHHecKOM acncKxe, Moacno 3aMexHXb, hxo ^aHHbie bh^h napa3HX0B npHnaji- 
Jieacax 3 h3 5 ochobhwx BexBCH (J)HiioreHexHHecKoro aepcBa MHKpocnopH/iHH 
(cm. xa6iiHuy). BexBb III (Vossbrinck, Debrunner-Vossbrinck, 2005), huh, ho 
flpyroH HOMeHKJiaxype, 5 (Vossbrinck et al., 2014), onpeaenaeMaa xax KJiacc 
Marinosporidia, npeflCxaBnena napasHxaMH MopcKHx h npecHOBOAHWx xo3a- 
eB — paKOo6pa3Hbix h pbi6; nnuib o/tna 4)niioreHexHHecKaa jiHHHa b npeaenax 
3XOH rpynnbi npe^tcxaBnena napasHxaMH Oojiee ninpoKoro Kpyra xoaaeB — 
pbi6 H paKOo6pa3Hbix (Pleistophora spp.), KpoBOCOcymnx KOMapoB (Vavraia 
culicis), npaMOKpbiJibix naceKOMbix (Microsporidium sp. ex Gryllus bimacula- 
tus) H nenoBeKa {Trachipleistophora spp.) (Vossbrinck, Debrunner-Vossbrinck, 
2005; Ironside et al., 2008; Cen^iepcKHH h ap-, 2011). BexBb IV (4), hjih KJiacc 
Terresporidia, saHHMaex cecxpHHCKoe nonoacenne no oxHouieHHio k boxbh III h 
cocxaBJiaex Kpony (JtHJioreHexHnecKoro .aepeBa MHKpocnopH.aHH. Kpyr xoaaeB 
npejicxaBHxeneH 3xoh rpynnbi nanOonee mnpoK n paanooOpaaen, BKmoHaa nn- 
(Jiyaopnn, ncMaxoA, mojuiiockob, HJienncxoHornx n nosBonounbix acHBOxnbix 
(ToKapeB, 2013). BoJibmnncxBO MHKpocnopnAHH, b xom nncne sannMaioiuHx 
OaaanbHoe nojioacenne b npe.2ieJiax axon (jiHnorenexHuecKon jihhhh, napaanxn- 
pyex B naaeMHbix HJienncxoHornx, hxo no3BOJiaex npe.2inojioacHXb, hxo .ziannaa 
rpynna xoaaeB nepBnnna /pia MHKpocnopnOTn boxbh IV. HMenno 3.ziecb naxo- 
flaxca nanOonee mnpoKO pacnpocxpanennbie napasnxbi xennoKpoBHbix xoaaeB 
{Encephalitozoon spp. n Enterocytozoon bieneusi), Hbn Ojinacanmne poACxaen- 
hhkh — MHKpocnopHOTH pbi6 {Nucleospora salmonis n Paranucleospora the- 
ridion). KaK yxaaano Bbiiue, neKOxopwe h3 3xhx napaanxoB aaanxnpoBanbi k 
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napasHTHpOBaHHK) b HJieHHCTOHornx, hto Moacex Gbitb oGycjiOBJieno kbk 3bo- 
JlIOUHOHHblMH, TaK H 3KOJIOrHHeCKHMH npOUCCCaMH. 

HeMHoroHHCJieHHbie MHKpocnopHAHH BexBH V (3) — 3TO npeHMymecTBeH- 
HO napaSHTbl 6eCn03B0H0HHbIX — MIUaHOK H HJieHHCTOHOrHX. OflHaKO O/lHa H3 
(J)HjioreHeTHHecKHX jihhhh npeflCxaBJieHa napa3HTaMH, xpyr xo3HeB KOTopbix 
BKjiiOHaeT H HejiOBeKa, — 3to ynoMHHyTbie Bbiiue MHKpocnopHflHH poflOB Tu- 
bulinosema h Anncaliia, cocxaBJiHiomHe MOHO(J)HJieTHHecKyK) rpynnHpoBKy h 
o6beflHHaeMbie paMKaMH ceM. Tubulinosematidae (Franzen et al., 2005). Mhk- 
pocnopHflHH BeTBH V BKjiioHeHbi B cocTaB Kjiacca Aquasporidia, o^HaKO hx ot- 
HeceHHe k aaHHOMy TaxcoHy ycjiOBHo: ohh He oOpaayiOT MOHO(J)HJieTHHHOH 
rpynnbi c apyrHMH HJiCHaMH Aquasporidia, npe/iCTaBJieHHbiMH bctbhmh I (1) h 
II (2) (Vossbrinck, Debrunner-Vossbrinck, 2005; Vossbrinck et al., 2014). Hxo 
KacaexcH nocJie/iHHX aayx rpynn, b hhx cocpefloxoueHbi npeHMymecxBeHHO 
napaxHXbi bo^hbix HJieHHCxoHOXHX — KOMapOB, MomeK, hhkjiohob h fla(J)HHH. 
ripH 3XOM Kaacaaa h3 3xhx BexBeii BKjiioHaex (J)HJioreHexHHecKHe jihhhh c 6o- 
Jiee y3KHM h c 6oJiee uihpokhm KpyroM xoxaeB (cm. pncynoK). B nacxHocxH, 
BexBb I co/iepa(HX /iBe MaacopHbie jihhhh, oana h3 Koxopbix cocxohx h3 napaan- 
xoB HCKjiioHHxejibHo KpoBococyiijHx KOMapoB (Insecta: Diptera: Culicidae) h b 
HeKoxopwx cjiynaax hhkjiohob b KauecxBe npoMeacyxoHHbix xoxaeB hjih poHOB 
Amblyospora, Hyalinocysta, Trichoctosporea h Parathelohania (Vossbrinck et 
al., 2004; Andreadis, 2007; CHMaKOBa h hP-, 2011; Andreadis et al., 2012), a 
Bxopaa — napaxHXOB HatJ’HHH, hhkjiohob, pyqeiiHHKOB, KOMapoB (Refardt et al., 
2008; Hylis et al., 2013), a xaKace 1 bhh (Multilamina teevani), 3apaMcaK)mHH 
HaxeMHbix HaceKOMbix — xepMHXOB (Becnel et al., 2013). AnajinrHUHO aexBb II 
coHepacHx nne cecxpHHCKHe rpynnbi: onna cocxohx h3 napaxHxoB mouick 
(Insecta: Diptera: Simulidae, Psychodidae), Hpyraa — h 3 napaxHXOB cyxonyx- 
Hbix HaceKOMbix paxjiHHHbix oxpanoB — npaMOKpbijibix, acecxKOKpbuibix h ne- 
penoHuaxoKpbijibix (cm. pncynoK). 

riapaxHXbi no3BOHOHHbix xo3aeB b npenejiax naHHoii rpynnbi HCHSBecxHbi. 
Tcm He Menee h3 30 cjiynaen (19 %) BwaBjieHHa MHKpocnopHjiHH y BHH-hh- 
(JjHHHpOBBHHbix naHHenxOB b CaHKx-IlexepOypre (KOJiHuecxBO oOcjienoBaH- 
Hbix naHHenxoB N = 158) HBa cjiynaa accoHHHpoBanbi c yHHKaJibHbiMH MOJie- 
KyjiapHbiMH ranjioxHnaMH, npHHaAJieacaniHMH k He onncaHHWM panee BHAaM 
MHKpocnopHAHH. CHKBeHCbi (JjparMeHxa rena PHK, HcnoAbxyeMbie ajih hach- 
XH(J)HKaHHH MHKpOCnopHAHH (yUaCXOK ITS C (JjJiaHKHpyiOIHHMH nOCJieAOBa- 
xejibHocxaMH Majioii h Gojibuioh cyObeAHHHH pnOocoMajibHoro rena, npnOjiH- 
3HxejibHO 300 nap ocHOBaHHu), noKasajiH cyinecxaennyio AHBepreHHHK) b 
CpaBHeHHH C rOMOJIOrHHHbIMH CHKBeHCaMH MHKpOCnopHAHH, HMeiOIHHMHCa B 
TenOaHKe. B nacxHocxH, CHKBenc oahoh h3 BbiaBAeHHbix MHKpocnopHAHH (ho- 
Mep Aocxyna b TenOaHKe GQ408913) noKaxaa 82- h 86 %-Hoe cxoacxbo (npn 
noKpbixHH 84 H 89 %) c BHAaMH poAOB Episetum (napaxHXbi pyneiiHHKOB) h 
Larssonia (napasHXbi Aa(|>HHH) cooxBexcxBenno. CHKBenc (JjparMCHxa rena 
PHK ApyroH MHKpocnopHAHH (GQ408914) noKaxaji 82—84%-Hoe cxoacxbo 
(noKpbixne 41 %) c MHKpocnopHAnaMH pOAa Vairimorpha — napaxHxaMH na- 
3eMHbix HaceKOMbix H3 KJiaAbi IV (Sokolova et al., 2013). HMeioiHHXca AanHbix 
HeAocxaxoHHo AJia xoro, HxoObi oAHOxnaHHo xaKAioHHXb, HMeao ah Mecxo na- 
paxHXHpoBaHHe onHcaHHwx MHKpocnopHAHH b KHiueHHHKe nanHCHxoB hah 
BbiaBACHHe HX B CXyAC CBasaHO C XpaH3HXOpHOH KOHXaMHHaHHCH 6e3 B03HHK- 
HOBCHHa HH(J)eKHHOHHoro npoHCCca (nanpHMep, npn nonaAaHHH BoaOyAH- 
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p 



.•-'Andreanna 
\ Amblyospora + 
j Edhazardia 
i Hyalinocysta + 
Culicospora 
i Culicosporeiia 
I Intrapredatorus 
%... Trichoctosporea 
'Novothefohania 
Paratheiohania + 
Jakaokaspora 
’ Berwafdia 
Larssonia 
Gurleya 
Binudeata 
Senoma 
Hazardia 
Trichotuzetia 
MarsonieHa 
Octosporea 
Zelenkaia 


INSECTA:DIPTERA: 

CULICIDAE 


INSECTA: DIPTERA: 
CULICIDAE 

Crustacea: Phyllopoda 
Crustacea: Phyllopoda 
Crustacea: Phyllopoda 
Crustacea: Phyllopoda 
Insecta: Diptera 
Insecta: Diptera 
Crustacea: Copepoda 
Crustacea: Copepoda 
Insecta: Diptera 
Insecta: Trichoptera 


MultHamina 

CougourdeHa 

Episeptum 

Paraepiseptum 


Paranosema 
Anton os pora 
Ovavesicula 


Insecta: Isoptera 
Insecta: Trichoptera 
Insecta: Trichoptera 
Insecta: Trichoptera 
Insecta: Orthoptera, Coleoptera 

Insecta: Hymenoptera 

Insecta: Coleoptera 


.yCaudospora 
\ Weiseria 

Polydispyrennia 

\,„Flobeliiforma 


INSECTA: DIPTERA: 
SIMULIDAE, PSYCHODIDAE 


Cxeivia (J)HJioreHeTHqecKHx othoiuchhh MHKpocnopH^HH c y3KOH rocTanbHOH cneitH(J)HHHocTbio, 
o6o6maioiitaH peKOHCTpyxitHH, BbinojineHHbie mcto^om MaKCHMajibHoro huh GaHecoBCKO- 

ro 3aKJiioqeHHH na ocHOBaHHH aHajiH3a HyKJIeoTH;^HbIx ^ 0 CJIe;^ 0 BaTeJIbH 0 CTeH rena MajiOH cy6T>e^H- 
HHHbi pPHK (ToKapCB, 2013; Vossbrinck et al., 2014). 

JlaTHHCKHC BH(^pbi pasBHJiKax cooTBCTCTByiOT KJiaccH(tHKaBHH BeTBCH BO Vossbiinck, Debrunner-Vo¬ 
ssbrinck (2005). CnpaBa yKaaana TaKconoMnnecKaH npnnaAneacHocTb xoshcb MHKpocnopH;;HH — jinn Ka^K^oro 
TaKCona OT;^eJTbHO (oObinnuH mpH(^T) hjih jinsi Bcero KJracTepa b aejiOM (KpynnbiH nojiyacnpHbm mpH(J)T). Ha- 
3BaHHH TaKCOHOB cyxonyTHbix HaceKOMbix-xo3HeB Bbi/^ejrenbi noaHepKHBanneM. ITinocoM noKaaan chomchbih 
>KH3HeHHbiH BHKJi c npOMeacyxoHHbiMH xo3HeBaMH — BHKJTonaMH (Crustacea: Copepoda: Cyclopidae). CxpejiKa- 
MH noKaaanbi xaKcoHbi c KpyroM xo3HeB b npcAenax o^noro (Culicidae) huh ;^Byx OjiHSKOpOflCTBCHHbix ce- 
MCHCTB (Simulidae, Psychodidae) AByKpbuibix naceKOMbix. CnjiouiHbiMH jthhhhmh yKasanbi (()HJToreHeTHHecKHe 
CBfl3H MOKfly OT;^eJTbHbIMH MOHO(tHJTeTHHeCKHMH rpyHHHpOBKaMH, OTMeneHHblMH HyHKTHpHblMH (^HrypHblMH 
CKobKaMH, B3aHMOOTHOmeHHH BHyxpH KOTOpbIX HC HOKasaHbl AJia ynpOmeHHfl CXeMbl. 

Scheme of phylogenetic relations of Microsporidia with strict host specificity. 


xenefi c He^ocTaTOHHO omhiuchhoh nHTbCBOH bo^oh). Bo bcbkom cnynae ;iaH- 
Hbie (JtaKTbi yKasbiBaiOT na BOSMoacHOCTb KOHTaicra JiioacH, b tom hhcjic Bxo^ia- 
mnx B rpynny pncKa, c MHKpocnopH^HaMH paaiiHHHbix (JtHJioreHeTHHecKHX 
rpynn, xosacBa KOTopbix OTHOcaxca kbk k naseMHbiM, tbk h boahwm HacHHCxo- 
HOXHM. 

BosMoacHO, y MHKpocnopH^HH, o6biHHO napasHXHpyiomHX y HaeHHCxoHO- 
XHX, HO cnoco6Hbix nepcHXH k napasHXHpoBaHHK) b HcaoBCKe, b ^lajibHefimeM 
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6yjiyT HaH^CHbi KaKHc-xo o6mHe nepibi, ocoGchhocth jih6o tohkoxo cxpoe- 
HHH, JIh6o 4)H3HOJIOrHHeCKHX ^p0^eCC0B, n03B0JIHBmHe HM 3apa3HXb H pa3BH- 
BaxbCH B opraHH3Me c nocxoHHHOH BbicoKOH xeMnepaxypoH, MHHOBaB Bce ero 
3amHXHbie 6apbepbi. To, hxo oth MHKpocnopHOTH b 3xom cjiynae naHSoJiee 
Ba^KHO HMCHHO npeO^OJICHHe 3amHXHbIX (J)yHKI^HH X03HHHa, nOOTBep^KACHO 
npeHMymecxBeHHbiMH cjiyna^MH 3apa^eHH5i JIK)^^eH c HapymeHHHMH HMMyn- 
Hbix CHCxeM. H 3^ecb B03HHKaK)x BnojiHc o6ocHOBaHHbie onaccHHa: ne cxanyx 
jiH nacca^H napa3HX0B Hepe3 opraHH3M c ocjiaGjieHHbiM HMMyHHxexoM cBoero 
po^ta cxyneHbK) hx nepexo;^a k napa3HXHpoBaHHK) b jiio^hx c HopMajibHbiM 
COCXOHHHeM HMMyHHXexa? 

B aeJlOM M05KH0 3aKJIK)HHXb, HXO BCpOHXHOCXb nepCXOAB MHKpOCnopHAHH 
ox 6ecno3BOHOHHbix xo3HeB K no3BOHOHHbiM noBbiuiaexcH npH KOHxaKxe napa- 
3HXOB C 3KXOnapa3HXHHeCKHMH HJieHHCXOHOFHMH-nepeHOCHHKaMH, OAHaKO He 
orpaHHHHBaexcH nocjiCAHHMH. B cb5I3h c 3XHM AJi^ onpeAejieHHH 6e3onacHocxH 
MHKpOCnOpHAHH C MCAHAHHCKOH H BCXOpHRapHOH XOHCK BpCHHH HCoGxOAHMa 
HX xmaxejibHaH AHarnocxHKa c npHBJieHeHHeM abhhbix aHajiH3a MOJiCKyjiHp- 
Hbix xapaKxepHCXHK bhaob. OnpcAejieHHe npHHaAJie^KHocxH BbiACJieHHbix h 3 
HaceKOMbix MHKpocnopHAHH K OHpeACJieHHbiM (|)HjioreHexHHecKHM rpynnH- 
poBKaM M05Kex cjiy^KHXb npcAHKxopoM HX HOxeHAHajibHOH chocoGhocxh 3apa- 
5Kaxb HejiOBCKa, hxo hcoGxoahmo yHHXbiBaxb npH oachkc nepcncKXHB npHMe- 
HCHHH 3XHX napa3HXOB B peryJIHAHH HHCJICHHOCXH BpeAHbIX HJieHHCXOHOXHX, 


BJIArOAAPHOCTH 

HccJieAOBaHHC noAAep^ano rpanxoM PH(I) (16-14-00005). 


CnHCOK jiHTepaxypbi 

BepeMqyKF. B., HcchH. B. 1970. O pa3BHTHH MHKpocnopH/^HH naceKOMbix b aHxOMOna- 
TorCHHbix HCMaxOAax Neoaplectana agriotos (Nematodes: Steinernematidae). IlapaaH- 
xojioraa. 4 : 3—7. 

rpoGoBO. O., 3acyxHHfl,. H.,IllHrHHaH. r. 1983. MnKpocnopHAH03bi ^khboxhlix h qe- 
jioBCKa. Hxora HayKH h xexHHKH. BHHHXH. BoonapasHXOJioxHfl. 8 : 103—149. 

Hcch H. B., Pa^HmeBa fl,. O., flon^enKo B. H. 1983. MHKpocnopHAHH Myx po^a Delia 
(Dipetra, Muscidae), BpeAauiHx cenLCK0X03flHcxBeHHbiM KyjitxypaM. Bk)ji. BcecoK)3. 
HH-xa samHXbi pacxeHHH. 55 : 3—9. 

HcchH. B. 1986. MHKpocnopHAHH KaK xhh napasHXHnecKHx npocxeHuiHx. MHKpocnopH¬ 
AHH. Cep. npoxosoonoraa. JT.; HayKa. 10 : 6—136. 

HcchH. B., BopoHHH B. H. 2007. Tnn Microsporidia MHKpocnopHAHH. B kh.: npoxHcxbi. 
T. 2. PyKOBOACTBo no sooaoxhh. CHO.: HayKa. 994—1045. 

Hcch H. B., HepBHHCKaa B. H. 1969. O BnHHHHH xeMnepaxypHbix ycjiOBHH na pasBHxne 
MHKpocnopHAHH Noseifia mesnili h Pleistophora schubergi (Microsporidia, Nosemati- 
dae). 3ooji. HcypH. 48 : 1140^—1146. 

CeHAepCKHH H. B., XoKapeB K). C., HaBJiOBa 0. A., XlojixHx B. B. 2011. MHKpocno¬ 
pHAHH B jiaOopaxopHOH Kynbxype ABynaxHHcxoro CBepHKa Giyllus bimaculatus de Geer 
(Orthoptera: Gryllidae). B c6.: CnnitHH B. B. (peA.). BecnosBonoxHbie ^HBOXHbie b koji- 
jieKAHflx 3oonapKOB h HHceKxapHeB. Mockobckhh 30onapK. 179 —182. 

CHMaKOBaA. B., JlyKbHHueBB. B., VossbrinckC. R., AndreadisT. G. 2011. Bbwb- 
neHHe Amblyospora rugosa h Trichostosporea pygopellita (Microsporidia: Amblyospo- 
ridae), MHKpocnopHAHH — napasHxoB KpOBOCOcyuiHx KOMapOB, y Acanthocyclops ve- 


454 


nustus H Acanthocyclops reductus (Copepoda: Cyclopoidae), ocHOBaHHoe na anaJiHse 
MajiOH cy6T>eaHHHUE>i pHdocoMajiBHOH flHK. riapasHTOJiorHH. 45 : 140—146. 

CHMaKOBa A. B. 2014. CpaBHeHHe TaKCOHOMHHecKoii snaHHMOCTH MOp(|)OJiorHHecKHx h mo- 
jieKyjiHpHO-reneTHHecKHx npHSHaKOB b CHCTeMaxHKe MHKpocnopHOTH (Microsporidia) 
KpOBococymHx KOMapOB (Diptera: Culicidae). riapasHTOJiorHH. 48 : 284—301. 

CoKOJiOBa O. H. 2013. KjiHHHKO-jiadopaTOpHaH xapaKxepHCTHKa MHKpocnopHOTOsa h KpHn- 
xocnopHOTOsa y BOT-HH(})HUHpOBaHHBix nauHenxoB. Aaxopec}). otc. ... Kan^. Me^. na- 
yK. 16 c. 

THMO(})eeBC. A. 2015. CoBpeMeHHBie npe^tcxaBJieHHH o MHKpocnopHOToae neJiOBeKa. 
BecxH. PAMH. 70 : 257—263. 

ToKapeB K). C. 2013. MojieKyjiHpHan (})HJioreHHH h napasuxHHecKHe CBoiicxBa 3HxoMonaxo- 
reHHbix MHKpocnopHAHH. ^Hc. ... ^t-pa 6 hoji. HayK. Cn6.; riyniKUH. 275 c. 

Anane S., AttouchiH. 2010. Microsporidiosis: epidemiology, clinical data and therapy. 
Gastroenterologie Clinique et Biologique. 4 : 450—464. 

AndreadisT.G. 1984. Epizootiology of Nosema pyrausta in field populations of the Europe¬ 
an corn borer (Lepidoptera: Pyralidae). Environmental Entomology. 13 : 882—887. 

AndreadisT.G. 2007. Microsporidian parasites of mosquitoes. Journal of the Americam 
Mosquito Control Association. 23 : 3—29. 

AndreadisT.G., Simakova A. V., Vos sbrinck C. R., ShepardJ.J., Yurchen¬ 
ko Y. A. 2012. Ultrastructural characterization and comparative phylogenetic analysis 
of new microsporidia from Siberian mosquitoes: evidence for coevolution and host swit¬ 
ching. Journal of Invertebrate Pathology. 109 : 59—75. 

Bakowski M. A., LuallenR. J., TroemelE. R. 2014. Microsporidia Infections in Cae- 
norhabditis elegans and Other Nematodes. In: Weiss L. M., Bechel J. J. (eds). Microspo¬ 
ridia: Pathogens of Opportunity. Wiley-Blackwell. 341—356. 

Becnel J. J., AndreadisT. G. 1999. Microsporidia in insects. In: Wittner M. (ed.). The mic¬ 
rosporidia and microsporidiosis. ASM Press, Washington D. C. 447—501. 

Becnel J. J., ScheffrahnR. H.,VossbrinckC. R., BahderB. 2013. Multilamina teeva- 
ni gen. et sp. nov., a microsporidian pathogen of the neotropical termite Uncitermes tee- 
vani. Journal of Invertebrate Pathology. 114 : 100—105. 

BironD.G., AgnewP., MarcheL., RenaultL., SidobreC., MichalakisY. 2005. 
Proteome of Aedes aegypti larvae in response to infection by the intracellular parasite 
Vavraia culicis. International Journal for Parasitology. 35 : 1385—1397. 

Bjornson S., Le J., Saito T., Wang H. 2011. Ultrastructure and molecular characterization 
of a microsporidium, Tubulinosema hippodamiae, from the convergent lady beetle, 
Hippodamia convergens Guerin-Meneville. Journal of Invertebrate Pathology. 206 : 
280—288. 

ChoudharyM. M., Metcalfe M. G., Arrambide K., Bern C., Visvesvara G. S., Pie- 
niazekN. J., BandeaR. D., DeLeon-Carnes M., Adem P., Choudhary M. M., 
Zaki S. R., Saeed M. U. 2011. Tubulinosema sp. microsporidian myositis in immuno- 
suppressed patient. Emerging and Inflections Diseases. 17 : 1727—1730. 

Corradi N., Haag K. L., Pombert J. F., Ebert D., Keeling P. J. 2009. Draft genome se¬ 
quence of the Daphnia pathogen Octosporea bayeri: insights into the gene content of a 
large microsporidian genome and a model for host-parasite interactions. Genome Biolo¬ 
gy. 10:R106. 

CuomoC.A., Desj ardins C. A., Bakowski M. A., GoldbergJ., MaA.T., Bec¬ 
nel J.J., DidierE. S., FanL., HeimanD.I., LevinJ.Z., YoungS., ZengQ., 
TroemelE. R. 2012. Microsporidian genome analysis reveals evolutionary strategies 
for obligate intracellular growth. Genome Research, 22 : 2478—2488. 

DidierE. S., Khan I. A. 2014. The Immunology of Microsporidiosis in Mammals. In: We¬ 
iss L. M., Becnel J. J. (eds). Microsporidia: Pathogens of Opportunity. Wiley-Blackwell. 
307—326. 

Fokin S. I., Giuseppe G. Di, Erra F., Dini F. 2008. Euplotespora binucleata n. gen., n. sp. 
(Protozoa: Microsporidia), a parasite infecting the hypotrichous ciliate Euplotes wood- 
ruffi, with observations on microsporidian infections in ciliophora. Journal of Eukaryotic 
Microbiology. 55 : 214—228. 


455 


FranzenC., FischerS., SchroederJ., Scholmerich J., SchneuwlyS. 2005. Mor¬ 
phological and Molecular Investigations of Tubulinosema ratisbonensis gen. nov., 
sp. nov. (Microsporidia: Tubulinosematidae fam. nov.), a Parasite Infecting a Laboratory 
Colony of Drosophila melanogaster (Dipera: Drosophilidae). Journal of Eukaryotic Mic¬ 
robiology. 52 : 1—12. 

FranzenC., NassonovaE. S., Scholmerich J.,Issi I. V. 2006. Transfer of the members 
of the genus Brachiola (Microsporidia) to the genus Anncaliia based on ultrastructural 
and molecular data. Journal of Eukaryotic Microbiology. 53 : 2635. 

Franzen C., Muller A. 1999. Molecular techniques for detection, species differentiation, 
and phylogenetic analysis of Microsporidia. Clinical Microbiology Reviews. 12 : 243— 
285. 

Fries I. 2010. Nosema ceranae in European honey bees (Apis mellifera). Journal of Inverteb¬ 
rate Pathology. 103 : S73—S79. 

GhoshK., SchwartzD., WeissL. M. 2014. Laboratory Diagnosis of Microsporidia. In: 
Weiss L. M., Becnel J. J. (eds). Microsporidia: Pathogens of Opportunity. Wiley-Black- 
well. 421—456. 

HaagK.L., JamesT.Y., PombertJ.F., LarssonR., SchaerT.M., RefardtD., 
Ebert D. 2014. Evolution of a morphological novelty occurred before genome com¬ 
paction in a lineage of extreme parasites. Proc. Natl. Acad. Sei. USA. Ill : 15 480— 
15 485. 

Henry J. E. 1967. Nosema acridophagus sp. n. a microsporidian isolated from grasshoppers. 
Journal of Invertebrate Pathology. 9 : 331—341. 

Hylis M., Obornik M., NebesarovaJ.,VavraJ. 2013. Description and phylogeny of Ze- 
lenkaia trichopterae gen. et sp. nov. (Microsporidia), an aquatic microsporidian parasite 
of caddisflies (Trichoptera) forming spore doublets. Journal of Invertebrate Pathology. 
114 : 11—21. 

Ironside J. E., Wilkinson T. J., Rock J. 2008. Distribution and host range of the micro¬ 
sporidian Pleistophora mulleri. Journal of Eukaryotic Microbiology. 55 : 355—362. 

Issi 1. V., Tokarev Y. S., Sellverstova E. V., Nassonova E. S. 2008. Specified ultrast¬ 
ructural data on Tubulinosema maroccanus comb. nov. (Nosema maroccanus Krilova et 
Nurzhanov, 1987) (Microsporidia) from the Moroccan locust Dociostaurus maroccanus 
(Orthoptera). Acta Protozoologica. 47 : 125—133. 

Koudela B., Visvesvara G. S., Moura H., Vavra J. 2001. The human isolate of Brachio¬ 
la algerae (Phylum Microspora): development in SCID mice and description of its fine 
structure features. Parasitology. 123 : 153—162. 

Lange C. E., Johny S., Baker M. D., Whitman D. W., Solter L. F. 2010. A new En- 
cephalitozoon species (Microsporidia) isolated from the lubber grasshopper, Romalea 
microptera (Beauvois) (Orthoptera: Romaleidae). Journal of Parasitology. 95 : 976— 
986. 

MalyshJ.M., Tokarev Y.S., Sitnicova N. V., Martemyano v V. V., FrolovA.N., 
Issi 1. V. 2013. Tubulinosema loxostegi sp. n. (Microsporidia: Tubulinosematidae) from 
the beet webworm Loxostege stiticalis L. (Lepidoptera: Crambidae) in Western Siberia. 
Acta Protozoologica. 52 : 299—308. 

Mathis A.,Weber R., DeplazesP. 2005. Zoonotic potential of the microsporidia. Clinical 
Microbiology Reviews. 18 : 423—445. 

Meissner E. G., Bennett J. E., QvarnstromY., da Silva A., ChuE. Y., Tsokos M., 
Gea-BanaclocheJ. 2012. Disseminated microsporidiosis in an immunosupplpressed 
patient. Emerging and Infectious Diseases, 18 : 1155—1158. 

Nath B. S., Gupta S. K., Bajpai A. K. 2012. Molecular characterization and phylogenetic 
relationships among microsporidian isolates infecting silkworm, Bombyx mori using 
small subunit rRNA (SSU-rRNA) gene sequence analysis. Acta Parasitologica. 57 : 
342—353. 

Nylund S., Nylund A., Wat anabe K., Arne sen C. E., Karl sbakk E. 2010. Paranucle- 
ospora theridion n. gen., n. sp. (Microsporidia, Enterocytozoonidae) with a Life Cycle in 
the Salmon Louse (Lepeophtheirus salmonis, Copepoda) and Atlantic Salmon (Salmo sa- 
lar). Journal of Eukaryotic Microbiology. 57 : 95—114, 


456 


PariyakanokL., SatitpitakulV., PutaporntipC., JongwutiwesS. 2015. Femtose¬ 
cond laser-assisted anterior lamellar keratoplasty in stromal keratitis caused by an Endo- 
reticulatus-Wkc microsporidia. Cornea. 34 : 588—591. 

Pilarska D. K., Radek R., Huang W. F., Takov D. I., Linde A., Solter L. F. 2015. Re¬ 
view of the genus Endoreticulatus (Microsporidia, Encephalitozoonidae) with descripti¬ 
on of a new species isolated from the grasshopper Poecilimon thoracicus (Orthoptera: 
Tettigoniidae) and transfer of Microsporidium itiiti Malone to the genus. Journal of In¬ 
vertebrate Pathology. 124 : 23—130. 

Refardt D., Decaestecker E., Johnson P. T. J., Vavra J. 2008. Morphology, molecular 
phylogeny, and ecology of Binucleata daphniae n. g., n. sp. (Fungi: Microsporidia), a pa¬ 
rasite of Daphnia magma Straus, 1820 (Crustacea: Branchiopoda). Journal of Eukaryotic 
Microbiology. 55 : 393—408. 

RibeiroM. F., Guimaraes A. M. 1998. Encephalitozoon-likQ microsporidia in the ticks 
Amblyomma cajennense and Anocentor nitens (Acari: Ixodidae). Journal of Medical En¬ 
tomology. 35 : 1029—1033. 

Sanders J. L., Kent M. L. 2014. The Zebrafish as a Model for Microsporidiosis. In: Weiss L. M., 
Becnel J. J. (eds). Microsporidia: Pathogens of Opportunity. Wiley-Blackwell. 357—^370. 

SantinM., Payer R. 2011. Microsporidiosis: Enterocytozoon bieneusi in domesticated and 
wild animals. Research in Veterinary Science. 90 : 363—371. 

SchuldM., MadelG., SchmuckR. 1999. Impact of Vairimorpha sp. (Microsporidia: Bu- 
renellidae) on Trichogramma chilonis (Hymenoptera, Trichogrammatidae), a hymenop- 
teran parasitoid of the cabbage moth, Plutella xylostella (Lepidoptera, Yponomeutidae). 
Journal of Invertebrate Pathology. 74 : 120—126. 

Senderskiy I. V., Timofeev S. A., PavlovaO.A., DolgikhV.V., Seliversto- 
va E. V. 2014. Secretion of Antonospora (Paranosema) locustae proteins into infected 
cells suggests an active role of microsporidia in the control of host programs and metabo¬ 
lic processes. PloS ONE. 9 : e93585. 

Silveira H., Canning E. U. 1995. Vittaforma corneae n. comb, for the human microsporidi¬ 
um Nosema corneum Shadduck, Meccoli, Davis & Font, 1990, based on its ultrastructure 
in the liver of experimentally infected athymic mice. Journal of Eukaryotic Microbiolo¬ 
gy. 42 : 158—165. 

SimakovaA. V., VossbrinckC. R., AndreadisT. G. 2008. Molecular and ultrastructu- 
ral characterization oiAndreanna caspii n. gen., n. sp. (Microsporida: Amblyosporidae), 
a parasite of Ochlerotatus caspius (Diptera: Culicidae). Journal of Invertebrate Patholo¬ 
gy. 99 : 302—311. 

Sokolova Y. Y., Paskerova G. G., RotariY.M., Nassono va E. S., SmirnovA. V. 
2013. Fine structure of Metchnikovella incurvata Caullery and Mesnil 1914 (Microspori¬ 
dia), a hyperparasite of gregarines Polyrhabdina sp. from the polychaete Pygospio ele- 
gans. Parasitology. 140 : 855—867. 

Solter L. F., Maddox J. V., McManus M. L. 1997. Host specificity of microsporidia (Pro¬ 
tista: Microspora) from European populations of Lvmantria dispar (Lepidoptera: Lyman- 
triidae) to indigenous North American Lepidopera. Journal of Invertebrate Pathology. 
69: 135—150. 

Sprague V., Becnel J.J., Hazard E. I. 1992. Taxonomy of phylum Microspora. Critical 
Reviews in Microbiology. 18 : 285—395. 

Stentiford G. D., Feist S. W., Stone D. M., Bateman K. S., Dunn A. M. 2013. Micros¬ 
poridia: diverse, dynamic, and emergent pathogens in aquatic systems. Trends in Parasi¬ 
tology. 29 : 567—578. 

Suankratay C., Thiansukhon E., Nilaratanakul V., PutaporntipC., Jongwuti- 
wes S. 2012. Disseminated infection caused by novel species of Microsporidium, Thai¬ 
land. Emerging and Infectious Diseases. 18 : 302—304. 

TanabeA. M., TamashiroM. 1967. The biology and pathogenicity of a microsporidian 
Nosema trichoplusiae sp. n. on the cabbage looper, Trichoplusia ni (Hbn) (Lepidoptera, 
Noctuidae). Journal of Invertebrate Pathology. 9 : 188—195. 

Vavra J.,Lukes J. 2013. Microsporidia and ‘the art of living together’. Advances in Parasito¬ 
logy. 82 : 253—319. 


457 


Vavra J., Undeen A. H. 1970. Nosema algerae n. sp. (Cnidospora, Microsporidia) a patho¬ 
gen in a laboratory colony Anopheles stephensi Liston (Diptera, Culicidae). Journal of 
Protozoology. 17 : 240—249. 

VisvesvaraG. S., BellosoM., MouraH. et al. 1999. Isolation of Nosema algerae from 
the cornea of an immunocompetent patient. Journal of Eukaryotic Microbiology. 
46 : lOS. 

VossbrinckC. R., AndreadisT. G., Vavra J., Becnel J. J. 2004. Molecular phylogeny 
and evolution of mosquito parasitic microsporidia (Microsporidia: Amblyosporidae). Jo¬ 
urnal of Eukaryotic Microbiology. 51 : 88—95. 

Vossbrinck C. R., Debrunner-Vossbrinck B. A. 2005. Molecular phylogeny of the 
Microsporidia: ecological, ultrastructural and taxonomic considerations. Folia Parasito- 
logica. 52 : 131—142. 

Vossbrinck C. R., Debrunner-Vossbrinck B. A., Weiss L. M. 2014. Molecular phy¬ 
logeny of the Microsporidia. In: Weiss L. M., Becnel J. J. (eds). Microsporidia: Patho¬ 
gens of Opportunity. Wiley-Blackwell. 203—220. 

WangJ.Y., ChambonC., LuC.D., HuangK.W., VivarasC.P., TexierC. 2007. 
A proteomic-based approach for the characterization of some major structural proteins 
involved in host-parasite relationships from the silkworm parasite Nosema bombycis 
(Microsporidia). Proteomics, 7 : 1461—1472. 

Weidner E., Canning E. U., Rutledge C. R., Meek C. L. 1999. Mosquito (Diptera: Culi¬ 
cidae) host compatibility and vector competency for the human myositic parasite Trac- 
hipleistophora hominis (Phylum Microspora). Journal of Medical Entomology. 
36 : 522—525. 

Weiser J. 1961. Die Mikrosporidien als Parasiten der Insekten. Monographien zur Angewan- 
dten Entomologie. 17 : 1—149. 

Wittner M. 1999. Historic perspectives on the Microsporidia: expanding horizons. In: Witt- 
ner M., Weiss L. M. (eds). The Microsporidia and Microsporidiosis. ASM Press, Was¬ 
hington. D. C. I—6. 

Wu Z., Li Y., Pan G., Tan X., Hu J., Zhou Z., Xiang Z. 2008. Proteomic analysis of spore 
wall proteins and identification of two spore wall proteins from Nosema bombycis (Mic¬ 
rosporidia). Proteomics. 8 : 2447—2461. 


HOST SPECIFICITY IN MICROSPORIDIA 

Y. S. Tokarev, A. V. Simakova, S. A. Timofeev, J. M. Malysh, 

0.1. Sokolova, 1. V. Issi 

Key words: microsporidia, parasitism, host specificity, molecular phylogeny. 

SUMMARY 

The host specificity of Microsporidia, obligate intracellular parasites of Metazoa and 
other eukaryotes (Ciliophora, Gregarinia) is analyzed in the present review. Previously it 
was assumed that all the species of microporidia were characterized by narrow host speci¬ 
ficity and microsporidians from vertebrate and invertebrate hosts belonged to different ta- 
xa of the family rank or even higher ranks. In the end of the last century and in the begin¬ 
ning of the present century, the first evidence that microsporidia from blood-sucking mos¬ 
quitoes do infect mammals and human and vice versa were obtained, together with the fact 
that microsporidia from warm-blooded animals are able to develop in blood-sucking arth¬ 
ropods. Recent studies showed that the same species of microsporidia can simultaneously 
infect fishes and crustaceans or humans and orthopteran insects. At present, only a single 
group of monophyletic narrow-specialized microsporidians of the family Amblyosporidiae 
is known, with the group of hosts limited to two arthropod familes: Culicidae (Diptera: In- 
secta) and Cyclopidae (Crustacea: Copepoda). All other phylogenetic branches include 
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microsporidians revealed in different host species, including humans. Host variability is 
most diverse in representatives of the genera Anncaliia and Tubulinosema of the family 
Tubulinosematidae. Belonging of insect microsporidians to certain phylogenetic groups 
can predict their potential ability to infest humans. This circumstance must be taken into 
account during estimation of prospects of the use of these parasites in the control of popu¬ 
lation density of harmful arthropods, and also during the analysis of probable results 
of microsporidian epizooties in nature. Microsporidians developing in invertebrate and 
vertebrate hosts must not be treated separately in medical, veterinary, and agricultural 
practice. 
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